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[if i ] 

7k*^#i?^'ttS?BM4>T*C ZSlc J: ^ WfiKSftfcx 'J =» > H B H ^ ^ x - ^ t *> o 
T . 

*7 x - $ ^ft^TfiSI!^ fa^isHc C 0 P i> J; lA^fi £ Srv^Tr^: 

G r own - i nXffi7 l-^i-M^ti, fc*o x O x - ^ ^ taX ^ i f f!9 x ^ > Mil 
SBisS <b * -5 C t ft k -* -5 x 'iny^i-n, 
2 ] 

HU IB ^ x - ;n <t> ffl |*| -ft |bJ [c 4? it § HfUffi 1 £tV <^ mm t -i X is «k v D Z 4@ <^ 5> ffi i?*±3 - 
t 2 ftT#£ 3 IS tsa i leis^x ^>^x-^ 0 
[If^Jl3] 

C Z v£ ic «k 0 if fig x 'i 3 > Mft^IM i^iSGr own-i n 7 - x n > 
*SHr^7jl«]^taUc C O P is J: Vlgfi * ^ x ? ^# . fc-o. if V n ^ifflM 

z<nm±2 nfzP i ^isiigi § ti-rmmmm^^ § iwaug-cgi § ±w * c 1 1 * , ^ 

[If 4 ] 

bOIBP I SB&gi # _hi-fMS<?>fBH^s ^v^v^'tt^HM + lclt^T . 

W v£ o 
[If 5 ] 

M ji<ji 3 4 <m^-f iifrmm<7>mrfmti:izisi-r s p i sk^i § _hi-fjMiEB t s 

So 

[If 6 ] 

If 3<JI 3 fc*<b 5 <m^i*ft^fBix^W/£?r/ic icfev^T . 

ituIB**!!)]? V H *MVAi r T^=f>VAr 

) k fc* . . f4 13 ffi 0 1 2 tc § * ( V H , V A r , V A i r ) T^t J; 7 lc N 
*A ( 1 0 0 , Ox 0 ) x ( 0 x 10 0. 0) , 4t(0, Ox 1 0 0 ) x *D ( 4 x 0 
x 9 6 ) x ( 4 x 8 4 x 1 2 ) x ( 7 5 x Ox 2 5) T* H £ ft £ «fe£iE H 1*1 <?> {ft 

[if 7 ] 

If#Jl3 6 <n\.*-ftifrmWi<nis ') n > m*S H B H W^^vi tc J: o Tff^$ ftfc|i*Siai>> 
[If^JM8] 



[ 0 0 0 1 ] 

3 > ^ oc — <^ 3 >• 'J ^ > S<^> W^Tj >£ \z W L , iff iz XP(5 <30 ftv^ W> £ 

G r o w n - i n 7 ') - ^ x. - ^ <r> igat \z ffl T £F 31 ft JSttr lc W -5 . 

[ 0 0 0 2 ] 

>• 'j n>^x-A^)iftT'J>l»y 'j n > f ^ r^if^S t L T fti© * ^ ^) tts CZ 
•9 . H^^'V * 1*1 tc ffML/iy 'J 3 > M* m ic M *S H §SSL> >u 'V # & uU *o B H B t@i^ 

*ft**^«jss%^i±i-f * - »c «j: *> s mm^^r^iz >■ =i>m*eii£WfiK-t-5o 

[ 0 0 0 3 ] 

Gr own-i n Xffi*^ i: § 3 t i) s ft^tlTU5. ftifi^Gr own-i n yv fog ti . 
te^ IBx -j n 7 ^ 7. 7 &l/r^?Lf*2|$BJaK: COPifc 

tt * -f h'WIoTi 9 . M^Iisl<^ ti 'J > 70SF f&^lisl 3 <b IC ^?L3!& V 

T m x 'J 3 > m<?) G r own- i nX|7 V - 5 . *a H ^7j [S] iz is 1+ £ mm & * 

[ 0 0 0 4 ] 

JfS Hr ^7j IS] <n + m ft S \z ') > r ( # ) O S F f&^Iigl > 7* ^ ic L T § . 'J > 

o -77. > -ro S F fE£«isfc<7>*U)!U±i*iiltff ft^il^iaSL «k v m m ffi ft J» 40 « & ( P 

r o w n - i nXRS7 'j ( P VSBfcS) T° & *) . WtM #f ft ffll M tt W x => > 

IwGr own-i nXI^ - $R Jft ( p I $S t«£ ) *> 5 . 
[ 0 0 0 5 ] 

[ 0 0 0 6 ] 

73 [»]<?> I? I2£t&\z C O P % ¥t$L-t % o _h ita <& TlcffoT > 70SF ^^^isX ii 
^fE^i-^o *>ft^lc. Sl^iiiiilJ, HI 2 ^<?> A&W.-?cDmmmizW*M LT v^s 

o 

[ 0 0 0 7 ] 

K 7 ^ 7, ? t C O P t ft ic ^ X Jff '|4 * -^fb 2 H± *S ft G r own-i n X Pfi T 
3b S fc*. C O P <ry~h fr>h $ < . ^^tt tc S W # t o T . t^* tt t o iJ «b 0 

2 +tcDfig^_hT-^^ti5 iH'OSF f££ % B H H ^F-IH tc fu g $ i± « ^ IS H ^F -\ 

[ 0 0 0 8 ] 

L^Lft**^. fi¥lc felt mf*lH]g&'7)^ L v^lHfblcff C OP^^Stt^^^jb* 
*&JSf $ ti*6 «> x ifi^7X? tfticCOP^^^^Kiht^^ftti^DTtto 3 ^ 
^k:UE^.*^»f<^-o ^ fF^PS^ l ^ VJtf I^F^tt 2 tie® $ iiX^Z «k 7 *^X»7>ft 



[iff fflCM 1 1 iff m 2001-220289 
[iff ffJcM 2 ] iff m 2002-187794 ^1>SJ 
[iffff£itK3 ] iff^ 2000-28149 1 ^1>S5 
[ifffF£itK4 ] nm 2001-335396 
[ 0 0 0 9 ] 

iff fflcm 1 ^:^iff ft Jem 2 lcK«£ tlTu ^^Slcteft £Grown-inXFl§7 

I t <?) T* 5 » 
[0010] 

B H H ^Mmc4Jtt £ XFig^fR. iff ic 'J > 70 SF fEMiaiUi. flTloife^, 
V^ftlcft£„ *<t>*S*. M > SF %^^^^*S H B H *^^lc«ii^-t§[Sa^iISfiff 
<7>^l ±l-f &#*J*Jf! L T t . G r o w n - i n XPf@ 7 'J - <7> J$ li IS H m lz mfeftiz 
± C § 1z rt T 3h *) . IS ai ^75 ft <7>^ ^ X F(g 7 ') - it-f Z Z t It T* § * 
[001 1 ] 

*>ft^lc. Kte * 7 7.9JkvC 0 P li. M > 70 S F f&£««MJ<7>MXFig^tsUcf£4i 
L4i^li^iw:t, 'J>r0SFMIi«iS#, M lc it * <r> ?M!l<7>BfcffS#r £tS fl£ii4KJ& 
&Vifr#£#f mjffftO^^lc t £ C ft BP ^ x :tiMo^li«*'Grown-i nXffi7 

[0012] 

ztUcWL. IS B B B 31 _h tc 4> tt £ * -y h '/-^Ifat^X^lc <fc •) . » III ft & *> *S H * 

gfiG e t m-frz fi «k 9 < -t* 3 £ fr^mt ft So ^i-fzt. m _hi-fMS^& * lz 
ffic~F2 -t±ft;b*^/&JI2 -t± fz IS H B H <?> % Df ffl tc 4r It § -J > 7 (ft) 0 SF f&£^t5£<7>ff;ftli 
x 0 3 \z ^ i" £ 7 fc x lc 0 ffi [S] <?> u u t 5fc ** 7 ^ -y N L T U ^ ff^ft ft & . * L 
T > 70 SF 3£&&1&b*ifc&*fo&\zmW>* Z&%mWftfll<nn\ 

•zftm-tz z tiz & . ffim&n$}<7)£i&-%xffi-7 >) -m-rs - t ^or^icftSo *>ft^ 

ICS3TJI4, 3 <7) 31 _h l-f j$ Jg&fM± B - C <^mm 1*1 i: ft -5 . 
[0013] 

ft 4? . W*£*S H ic 4? It § yXP§ 7 >; - fb<7> fc<» ftffi b LTlt, M JL ItftftlCffi 3 7k ^iff fF 
^SK4 tCTK^ti^ i 7 ft^a^^lg ±ttBf<7^|f|#HMT'^[£±tt^ < fc£o 3 tili^l -hit 
*p F*g tcai At -5 * lc^M<7>7Ka^7^^ Ai" -5 <?)T*> 0 . x =J >M*S^7> 

[%BH<7>^^] 

[fEB^^^v^ l «k 7 kt«ii] 
[0014] 

iff ft 3Cfflt 1 &^iff fF^l^ 2 lclfi«£ *iTv> S «k 7 %XmfritiMWlz J: -6 G r own- i 

It <b tlftV^o 

[0015] 

liT, Grown-in 7 - fkco fz db co %\ _h l-fii SIBH ( v - i> y : 03*^ 
B - C comW) < . Gr own-i n^Pfi7 ') - i B H B ^f £^rf fili)*| Lv^ 0 ^<^^S 
* . G r own- i n X Fig 7 'J - IS H * IS H ^ ^ lc «f o T U Z> Z t M W. T *> 0 . G r o 
wn-i nXFig^ <) - IS H ^ M la ^ S * 0 ® < ft -5 . 3 36 ic x Gr own-i nX 
Fig 7 >) -ISH^Mrn^ 7 h 7> 8IJ M ft s m&b*& o fc. iff tc . ISHiSS^ 2 0 0 m 

m. 3 0 0 mm^§<4^lciJoT, Ge<Gc<7>^^^iS^i--g,Ci:)b*ffliti:ft > ). 
XF(@7 'j -fb^/i^^^l § JiltMSfBHB - C l±3 'btc^ < ft^fflfSlib** »j . zti^7L 



- 9 * >i - -t z> Wr **sa * ft t \>tz . 

[0016] 

2 ^ tc . Grown-in Xfog 7 'J - m*g|&<7> 31 _h l-fig SiEB^ 7 *, . V£$k<?) G 

r own - i n Xm y ') - *S Hr ^ M 31 ~t £ M J£ *fi H (^-^> : 03*c7)E-Cc7) 

$B H ) i)*n\,*fzdb. m § _h i-f t£ * G r o w n - i n X Pg 7 - jjg n tc 4? u T . ^JLM 
^ G r o w n - i n Xm y ') (P V«fiS) T *> § i&lflffi 1 SdtS f£iMI« . fe^m^ ') 

n > 1^) Grown-in Xm y l ) -DBfiS ( P I SRisS) T* 3b £ Wi M *f ft 10 ( is «k V 
s 1 2X1 0 1 7 atonis/cni 3 i^T^{&^^^ B H B^Jt^lc ti 'J > ro S F 3Bi>£) tH^mtEL 

ffi 1 tn iff '14 3t?»±a - t * < * § *sm& f)*3b& m m o tz . 

[0017] 

o * *) s P V igS i: P I 3Ri$ t to* . ^i-^fiCSftt^ C t T* . tmM X^ntx? 
*>l*#Jl#f iii ft** ^i9-K: ft >K V -y 9 M > rBfci>*#tv*g&# Hv^^jb*iSffi-t S 3 

^lcft£ 0 t^M x<?> fill '14 URisdUi . COP1'|gfi?5^5'/2ttT'S:<s 

S£??lflTtn^J^^<7"> 2 /XXBT'^I, 0 SF ^^°> h Kteft tfry ') -T*£>£<&^to*£> 

§ to*. C<?> J: 7 ftXR§to*#fc L ftv*4RJsfc<?>*g* ft *> D Z rf>@ to sr 7 x - ft T^±9 — i: 
ft£ 0 Zft<b<?> I Gftli: D Z*S*>^ # — «fc o T. f ^titt^l^o^ 

<7>{&T^ja < o c</> «k 7 £^±3-1x£[Hl3B-t § fcabic tt. PVlii U tt . P If b1 
^A^HSGr o w n - i nX^7 M — $5 H ^Nit ? § ft tf&v* „ L L . fix tc. P V 
m. t&<r>*frh ft -5 G r own-i nXffi7 'J - *S H, to* $y it T* § i: L T . #^lc|£lll*T 

ck 7 £-**<&^)t>»& 9 . 3<7>fc#>k:. ff#2 ft £S^'iiS<7>$EBto*{B;i^3B ^ ( tt\ 
CO i ] <12X10 17 atoms/'cm 3 ) tcftiJPl^ft. ^^*f ^ **f$ ^. ft t 

fE£ § 1±ft P I ffii&cofrfr h ft Hr own-in Xftg 7 'J — Jjg S ^ ^ 1t =k < ^/^tc 
f )^T'§ ^Ci: i'UtlTuf:* 1 , fife*. P I 4BisS<^ A^«b ft ^.Grown-in Xft§7 
-IS H B H ^t#^> 4^<5og| % ±i-fiSSv- >>|illi#Slc» < . P I $R fii<7>A^*b ft « x 
-^liMatTS ft^o fe. 
[0018] 

*^B^<^g^j[i. Grown — inXRg7«;— JKS<7>7^x P IM*^45Grow 
n - i n XF§ ^ 'j «k < ^^lcW/^T § § i> n > ^ISH<7)ff 

-t&ztlz&Zo ^^m<^^\<r> @ ©i±x -5- <^> «k 7 ft >- M =i > -^IdHW^^vS tc J: *) Mm $ 

ft ^ p n n h t n x h ft mm m m -> ^ > ^ x - ^ ^ y ^ <^ mm -n % is # -t § - t ^ *> 
[si%»*t« tz3b<v^m 

[0019] 

XRI^-^ftdPlckSGr own- i n XN&y ') - ISH^>W^S«f TPII t ft • 
[ 0 0 2 0 ] 

m lie *SII4"frg&-?<7>SJ$£7EG c * IS H ^mi SPT <^> S m tJ BE G e t [B]-^cft «fc 0 
frh¥-ffi^ B ^fjKM2 Hfz t §^*g^Jf8EBrffik:4?tt* 0 SF i^^ U Z 

fcltSXRB^^tt. H 4 tc^-T «fc 7 tc . -j --fb<?>^^<50^l_hi-fiSSIBHB' -C' 

to*. * # * ft *\km<r> t b ^ m 3 + b - c tc t m B H H ib 77 1^1 tc -t s . 

[ 0 0 2 1 ] 

ESa^il^V o to*_hto*^» ^ 7 7. 9 ft'Mt^ISISV d fe^TtS c i: tc J: 



"?£v*jg-£-<7> t § <7>0 3 "£<7>B - C IcJfc^T^MiBU BP *> 13 3 + tf> _t . 4? <k U&MflU 
IP *> [3 3 t^^T^^ffi^tSo c *>^£% 13 5 ic <k *) WLWt -5 £ . JiiT*>*n < T&S . 
[ 0 0 2 2 ] 

13 5 «3l_hi-fil^ 0 SF > 7&<r>m&lzJkl3-tXMfttti<7>&Wf£-£^ LTv^. 0 

IP s 31 _h ifl^^ & * ic fiT 3 i± * <b f&£: $ H± fc#.*SH,<?>*M ffl ic felt -5 O S F ¥t± 
ffii&comVtfrTiz 0<J0 -5 . 3<7>JS3-li. 31 ±i-fi2S**i&T-t § ic o tiT 

0 S F 'J > tr \zM'h L . ESa^MS V o T* 0 ic^i" -5 . 

[ 0 0 2 3 ] 

zti& *) ±% < LtzMS. IP % , 31 _h i-f ii % & «- ic ffis T $ % * fc* «b 5 -t± *S H B H 60 
1MB ic felt S 0 SF f&i^IisS^ff^^: U^ff^fL L fciS^-?. fioTK^^HMT^v^iS 
z<F>M&i$. 0 S F > r^3b»«|/Jx-fePI46-t s 31 UfaS^iT L . fomte 

*) &mizm'ht)*&z *) . mm^m^tinsmcm^mmv oxo\zi\x^.-t^ 0 ip*> 

s Ba^ilSV o * isT* 'i > r&<?>j$2Haffifc*Sk:«:S. zii\z&*). Bffi^lfSV 

jb*W/£2 *i£ Kl^atJgV o fc*±fc»* ©iS3l_Li-f ^v^tiSo 

[ 0 0 2 4 ] 

G e i: IB] - 3 ft «fc ») ^ § < L if . IP *> . 31 _h Vf ag £ * & * ic ffis T $ H± * fc* <b 2 

^fji^i^Mffiic felts 0 s f f&^^i«<^^^^ u^ff^^tc l tzM£>T°. K^^m-m 

mx\T>£>Z<nMaT'£>&o z<r>Mal$. H H ( *ffl if§ ) fcifc^T* V > 7* S </> M 7 > K 
[ 0 0 2 5 ] 

3 <^ Jc 7 fc x G r own- i n 7 ') - XR6*S H ^ W/£ ic tK^#H <r> ^| # _h l-f % ffl A 
^•fc i±S 3 ic «k 9 . 'J > r 0 S F 4RJs£fc**Sli ^"t^T-lit§ ISi^iiJ^**±** *) . z n 
tc J; •) . as 

g r ownT'iB^S^^^feHcifi^^X^^VCOPib^fcL^v^G r own-i n 

MT'^^I # _hl-f lz J: ») . $5fl ? 7 7. 9 <7>^4£-t § T Fi<7>^l § ± if ilS V d V d ' \z {& 
Tt^ctlcJ: XPg7 'J - ffc<7> 31 _h l-f M^fBHib'B - C ^ «b B' -C Ic)a 

SiK*. iXffii B H H ^/E LTWfiKRT^t * *) . Grown-inXPg7'j -^H<^MiI 
* •} fe*^ L < raits. 
[ 0 0 2 6 ] 

7kf?l#fflf\T<7> 31 § iif^I^^btS ctlciHrown-in XRI "7 -fb<7>fc 
a6^3l_hl-fMSIBH**^7^i-SSli. ~t ^ t> % ') > SF wH^ISV o i'il^L, Is 
7^7.^ 5 Ba^il© V d 3b*<EcTt liliiT^ Jc7lc^x.^tiSo 

[ 0 0 2 7 ] 

1 3 0 0 - 1 3 9 0 °C^mU^M^X-> ^>9x- L.t^ L ^fL 

ff^^ ti-S (>CK 1 : *PIE^ 1 9 9 9 ^6^30 UEffl ^II^^IS Slf^f^S 1 1 
0 0 0 W^S^^^r 7. h p 1 1 ) . t^oT. 7K«^#t?^v$'ffi#fflm + T C ZISH^W^L 

fc®^. isn^iPii^^ c 0 p ( m 1 1 0 0 °c ) £ tz liKfi 7 7 7. ? ( ^ 1 0 0 0 °c ) m 

^)Grown-i nXPg frJfttfK 2 ii&UfS. & *) «b ^figMc T . ^ >; n > *S H * T jfi HI 
(c^fc-t<6^?L*fct±*&^M>- 'J t Mil* fx m L . ^?L-7k* t /ilit&TP^^ 

fc loSr & o c ^ ah \z . ^JL^^T W ^ 'i ^ > ^ Mm l± JUftO $ *i . COPfck^ifi^ 
7. 9 >5r v^. Is tz li -f X 6*/F ?uCZ| b b b ^ffitT- § £ C i: ic >5r S . 



[ 0 0 2 8 ] 

L L . 7K*^#t?^v$tt#H^ + T- V/G i^?U*§l*frTT* C Z^ H B H ^ 

Wifc-t-S i: £ . *ifiS^ < &<S> t^MXVfc t& \ZtiZ±% 1 0 M m^B 

±^'JB] (SJL^Slfrt h ftZ ) ^T-§ (3Crtft 2 : E. lino. K. Takano. M. Kimur a. H. 
Yamagishi : Material Science and Engineering B3 6 (1 9 9 6) 1 4 6—1 4 9 7k 
UycmS : T. H. Wang. T. F. Ciszk . and T. Schuyler : J. Cryst. Growth 1 09 (1 9 
91) 155-161). *fcV/G**3E3M^3v>te^W>' ') => > ffft^fr TT* ti . fe=? 

*n<bftTv*£ (^:S^4 : Y. Sugit :jpn. J. Appl. Phys 4 (1 965) p 9 6 2 ) » 
[ 0 0 2 9 ] 

Zcofzdb. m § ±l-fi$Jgfc V > 7*0 SF ^tal^^^-t S Ba^MSWTtC {& T 3 it * < T 
t . * i£ % + 9t # t? # 9 M * T C Z v£ T* 31 § _h l-f tz M a x COP<^£j££fflJflf!lTS£fc*. 

§ ±w commie t *. isfi ^ ^ ^ ^^^j^ttjmfto ©ew^^^tc «k o T^i?#m 

w^i-Mt LTf$x*uc i: tc & -5 . 
[ 0 0 3 0 ] 

HI 6 Us C Z^ H ^W/M<^M B ^*'frg&tc:tett 5 1 1 0 O'ClU^fiST^, S?Lfc«kV 
t&f 'J n><^igC vteiDfC i t 31 B _h Ifl Jg V t IH * f^fflffi ffT* </> *S H M <r> Uf% 
SJiEG 7>tLV/G i: <?>M#T*> 9 . tK^ fc**S II ^ tc ~t & it COPfci VKfe 7 

fc* ffl] ©J 3 ft 6 II e±3 * % m -f % „ ; ;x\ V o . V c & V V d It * ft f ft 'J > r O S F $ J£ 

. c o p 7kvm& ? => * 9 vffi^^'kmztzit&^fa^-miz^fiKLiihdbzWu^mmT'jh 

9 . Cv-OSF, Cv-COP&UCi-disHix f ^if tiOSF r^lt, CO 
P S^fi 7 ^ 7. 57 sBal^^XPigilS^^-to 
[ 0 0 3 1 ] 

G r o w n - i n Xfog 7 'J - H, ;b* W T« § £ J: 7 tc IS H g 7j [S] tc V / G fc*. G c > G 
e co m M fz ~? «fc 7 C&frSftfc* -v h \/ - > <b «: 5 C Z^p^fflv^T. *SH£WfiK-f 
§ it 31 § ±W ISt V oJ:^^<L fz%ti (0 6 W ( H 2 ) =0 7)jf^) . S?U« 
ftfl^XI%fiTi!o§ C O P fc'Ig^t*. L fc> L «: fc* <b *. **$^fef Hf\^T*C Z 
M H e H ^W/^i-£ Jt ^ ( 0 6 <?>H 1 . H2<^it^r) tcti. ^JLi: ^^^jg^^t^ti 

^■x o s f > r s fc*><7>gi # _hi-fMS v o it v o ' . vo" ^^^izmmmiz 

y 7 FL, COP -5 fcft^^l § _hlf IS V c t V c ' . V c " <F> «k 7 lc tc 

[ 0 0 3 2 ] 

-7^. 31 § ±W ISt V d 1; •} t d N c? < L feit^- ( H 6 <r> ( H 2 ) = 0 *>M&) tc . 

t&^ng^ -j n > *m«3I*^xrsii fc * »? . t&TP^^ ] ) ^ ><7>mmi$ c i > c i - d i s 1 

#tf#HM + T-Wfi^i--5Jt^- (06<^(H2) =H 1 *fcliH2«^) icti. fe^Hg^ 

. Kte 7^7. 9 % tzib<r>n\ B ±W alJS V dti. Ba^il^C i - disl fc-gc-T* 

J: 7 tc. J: 0 ffic II I ij <d V d ' XliVd" \z >- ~7 V ~t h z t tc tz Z> . 
[ 0 0 3 3 ] 

H6c7>(H2) =H 1 . H2c7>J;7 tc TK^ilS ft tc <R Jf ^ . V/G t)*3£fri^B 

< £ 6 i: . ^JL-H S C 0P44^t5fcft<7)ffi^jgac v - C OP Jc »J «t M < tzZTzib 
tc. C O P c^^^ii^^tc tijfliftij 3 ti*v^**. TK^^^fc L ^rv^jt^- «k *) t ^JL^JS^ffic 
T i" -6 tb tc . C O P co >f X ti /Jn 3 < <5r % e 
[ 0 0 3 4 ] 

O S F > 7-fE^c7>ea^iIj^ V o ' i li V o " WTs is & Ut&il 7 7 7. 9 ?t±.oom% 



JStt + ^ffisV^T?. C O P J: * => X 9 l$5££iff . 3 «o lc g * ^ jffi T* 3h Z> ^JLM 

fc. HMT^)^I § ±l-f % L %\->M£> «k 0 . Grown-in XPfi 7 - * 5 91 

■9 Tflfit S - t i 1 ? § § . 
[ 0 0 3 5 ] 

IfcOSF M y c ^Bal^V / G^fr «k D t V/G v^*»ittS!fl5j£v^^k: H 

, 'j > ro s f ttfjsn + 'frg&TB! cf cop **^<7> rtflj 4 x\* 

iz h , ■£3L ; Mmfr3£fr\z{&\^fzdblz B^^ilel^f&^i)- 5 c t 
[ 0 0 3 6 ] 

ft Jl^SffiK: L T^J&3 ftfc «b<?>"?*> »K ^<?> >- M n > ^ x - x tK 
ittfe^Sttf iM^TC ZSIC J: ►Jf )t^tl/cy n > J£*gil<7>^ ^ - ^ T* 9 . a 
s g r o w n VkM. IP % 31 § _h W tz £ % coMMM ^^Lrt £ v^tlT . ^ x - ^ jf $ ^ ft 
^iaXT^H^^[^^^«lc COP^^i^i^^Gr own-i nX^7 >) - ^ 1 - ^ lc 

[ 0 0 3 7 ] 

'J n > IS H ^7 x — ^ T <£> o T „ 

^ x- ;\m$ J3$l4*i&X-ffi&%jj$l<r>4*mz C 0 P is «k ^ifi ? 7 X ? % # U &i^7t^ 
Grown-inXl7'j--)i-A^ti, ?>o . ^ x - ^^J&j^te^fd i, >) n > ffft 
^iaX ( n / ') n>lwG r own— i n Xm 7 M - ) fc> «b £ £ C i: £ «k ») _hieH 

*^BHlcfev^T. fulfil x. - ;s 2 titzMalZ . HUlfi^ x - >\<7>M \HJifil\z is It 

[ 0 0 3 8 ] 

r own - i nX«7 V - i£ IS H B H ^ W £ 7? v£ T o T . 

JfSS^^lSl^ftSlc C O P is ck Dffete ?7xn#Jf, 56 ^ =J >ff^^B^ 

(ftfWy V =1 >M<7> Grown-in XFig^ 'j <?>m*S^t^9l § _h l-f HJ * p I 

[ 0 0 3 9 ] 

Stiles ^^I^B^^ffitS^wiHMt, 4^ lc^c*#%-t/H^# ttiT 

[ 0 0 4 0 ] 

tt'lci'Jgl-^aiA^^RSlc: Hft^W ^ fix. is >) ^ > ill i* + k: * i!S JH T # ^iSt*i>5. 

Ty 'i n>f^af^f^fI^TlCi|At'5 - t \Z J: *) . x 'i n > Mlfe m + ^ tK^ j^T * 
MM 2 %^zh ft*T-§ 5o 7kffe#^B>M#$l fc LTfl, tK^^'x. H 2 O . HC 11 
<^**)ST ^#t?Mfift^^. i.7>7tfx. CH 4 . C 2 H 2 * ir^^fbTK*. t ji u 



He, N e . K r . X e * ir' 60 § ft ^ # x ijt. # N * a c tl <b <jo & # 7. % m -5 3 t ft* 
[ 0 0 4 1 ] 

x-pfrfecom&comm t LT us . tK^ #x£K«iJg t L fc<?> tt . *lH#1r#H** 

>- 'i =i>S*»4»"elfft^»LT#^*is*ife/S^<7)«**. **#*^HtC7U*#3iti£7k* 
/ST^ScM^lckoTfc^StiSfc*)-?*)*. 0!l x. li\ H 2 O <?> 1 t tc tt 1 t ^ ft co H 
2 fc* # * tl £ . H C 1 co 1 ^ n \z It 0 . 5 t'^f)H2 L £^ # ^ tl ft i ~> <= ^ o T * f£ BH 
tc ux ti . tK^ t)*pfrmcoMf%~<:°^^'& if * ^ \~m A £ tiT * § *l#tifflM^S 

¥tu z<7>*m t ^^fffl^J: m^omm^frmbtiz <* -? tcx *i#fit»ioss* 

T^/^ L <7> *> S . 

£ "it Jt IB H tc ft -5 =fc 7 tc tK * # 1r «fo H <7) ffifla M * iH IS ~t tl it & . 
[ 0 0 4 2 ] 

^ 45 tc # Is tlT ft -5 #1T#HMIC fcuT x 'i 3 > iSS^fjStS C t tc J: 

*) . **#1r^'Hic s*ts 3 > sin^tcvgn- jA u tlx ^ic z ^TKifejiT** 

. x n > ;b*M M -? £ F$ tc x n > <7) *&T W tc SX 9 & * ti & . 
[ 0 0 4 3 ] 

*f&BHlcfcv^T. SO IBP I ^^^l § KflS^IEHts *ifl*#£ ftv^vH'tt# 
BM + tclt^T . 7K*^#t? ^ttfHM^T 2 fg^iitc^t-f £^&^J? ffl-t* :HT- 

* fc. hOIB^ ^'l4#Hf\*lcfcMt^7K*-a)t^^Prti±t/ 4 . 0-9. 33kPa (30 
— 70 torr) tcM LT 3 %JJt± 2 0 % W T <r> IB H tc $ tiTft^ Z i'Ti 
[ 0 0 4 4 ] 

* . tc felt -5 ±IQ<7) W fiKTrSlc fcv^ T , 

HOie^^^JSVH t . *MVAi r t. T^zf>VAr (#f»% 

) i: . ^N-HffiEI 1 2 \z&& (VH, VAr, VAi r) T-^i" «k 7 tc. 

4A(100, Ox 0 ) . j&B ( 0 . 10 0. 0 ) . ( 0 . 0 . 1 0 0 ) . ( 4 . 
Ox 9 6 ) . *E ( 4 . 8 4. 12),4F(75> 0* 2 5) T*l U tl -5 **<^ 4^1^^) 
$UH 1*1 <7> M tc $tiSC t**-e§5, 

[ 0 0 4 5 ] 

iit\ ±.mcomm\z l tz co it . m^&mmco^mmw^^^E (4, 8 4. 12) tft 

ilT-f )t L £CZm*DiHi tc fcv^T . Grown-inXK^ft v^^4|isi**# ^> ti* ^1 § 

±.i-fmm^mm c^-^>) a. tk^^^**^vm3 < ft zcorzdbiz. &w^^ 
v£.m& % *) ) com&frhit. *m ; mm\z±.m\*% < 1 o o %T-t j= ^ 

£&<r>m.&fr h it . TIB<^ =fc 7 tc 7Ka-il)^<^IBHtc ±FI* s ^ c * . 
[ 0 0 4 6 ] 

( 1 ) * * -H © * s m 1 2 <?> ^ A , F . L . J T H * tl S IE H ^ if □ 

MJEETtCcfcS CZ^Ptcfc v^T x 0 1 2 A , F, L. J T'H * tifclBH 1*1 coftMco&M 

%cd£lc (o. o. ioo) izfafriTtrn^mmm&f&^mitL. s-f&G (is. o 

, 82) x (18. 5 0, 3 2 ) x ^ I (59, 0 , 4 1 ) x X' ffl * tl tz IB H tc # * 



z :t\ ^ j ti . 1 0 0 %<^^c ( 0 , 0 , 100) t mm^^mm^^&H c 1 

8 . 5 0 . 3 2 ) t^^ftl^iABh^ltS^T^S, * . * L It . ± M 1 0 0 % 

<?>^c ( o . o , ioo) tmm^tnmm^^&H (is. 50. 32) ^m^m^ 

M^-LPI^tl^E F t$if^T-J>^„ 
[ 0 0 4 7 ] 

( 2 ) Tkjft-issfc 1 . in 1 2 j . l . e . K-z*m%iirzmm<7>M£> 

mi±Tlz$>& Cljplzis \->T . mi 2^&i , L. E. KT'I i; *i fc$EH<7> #.W.<t> j&Mb ( 
com&X'WM^lc. . f5J h fr<7>)&mx-±^ ') - ? L fzM a. j^Mbi^^l 0 0% 

<?>^C (0, 0, 10 0) ( ic IS] ^ o T'jCFrt <7)S?HMffl^li^fb L . E F ?S £ 

ti/cM^iBi^iiji-t § . 3<?)is^-, ±m ') - ? l &^#§jtTiio*ua\ & *> *> ^ ^^izmm 
mm&<7>±.m-&® 1 2 <7>£l\x-^2 tizi&iz&feLTSj . ^^\zmm^^mx3b^>. zz 

&Klt . ±n 1 0 0 %cd&C ( 0 , 0 , 10 0) t liwifRIS^)^E (4.84 

.12) %fa&mmt)*mAB ^its^u^s. 

[ 0 0 4 8 ] 

( 3 ) tK^^S^EI 1 2 <7>j£K. E. D. C . BTH*ti^lBH<7>Jt^- 
MJITlc£>S CZjplzis v^T . (HI 2<^^K. E. D. C . B T* H £ *i IBffl 1*1 <^ ff .&<^^M 
c ^"iDtTtSHtp ic . MbA^dlT^M')-^ L JU a- . *Mc^b*Ml 0 0 

%^^C (0, 0. 10 0) lcfr^oT^rt<^#HM*l/£jb*^fti-£ib*. 3<^jf^tcttM 

feSiss^&iiisSfciiis-f -s 3 t &&v^ ftfeoT. *p r*i <r> *mmm. * m m ~t z mm ^mm. $ n 
<mmL^^m^^ . nm^n^m^izit. mm * *) ^i&\^mmm^^^-t s^n*** 

[ 0 0 4 9 ] 

^P^ff^ti. 10torrW±x*F*L<li3 0torr~2 0 0torr. 2 <b lc. *F * L < li . 
3 0 torr~ 7 0 torr^H * Li*, ^cp ft j± ~h <r> T PI It . 1^ 9t JBE ^* ffis < * -5 i: . HfeJafc =k 

vffi^dp<v*mmmfri& < tzztztb. zn*m±.-? zfzdbiz ±.m^rm^!±ti*m.feLfz 

o J£ <JO _h PI l± . |Prt^)J±tl^il±t^ t A r f ^^Stt^/x^^ialT^^X-lI 

[ 0 0 5 0 ] 

T — - ^ ^m^M-t Z t h*£> % o 
[ 0 0 5 1 ] 



[ 0 0 5 2 ] 

p H2 = kC LH2^ H2*i£o d C T* s PH2li*H^*^*i^ff 
s C LH2 « >- ^ > HfeSa + ^^iJlBS- . klJM%<^W^>#SCT-*>S. 

C SH2 =k ' c LH2 =(k'/ / k)P H2 ^^^tiS„3CT 

, c SH2 \tffi&*<7>*Mnfg. k' stk^^x n y^fe-ffimm<om$t&®cT°z>z 

o 

[ 0 0 5 3 ] 

?J ft IC - ^ IC Pff Si -f & H J$ X III P T' § -So 

[ 0 0 5 4 ] 

* f£Bfl <?> >- M n > ^ X - . PW (Polished Wafer. *tffi ^ x - ^ ) lz{$.mx § -6 . 
[ 0 0 5 5 ] 

f|y'Jn> fffUM ( P I SRtiS) ^Aft^'SrSCtlcJ: 1 ), P V # * & tz ib . 

zzx. o x-^^j^-'ttti. iiis t mh^ss t mm^* y > - ? t l t 

. Zn^il. mmm&\$ 1 0-20X1 0 1 7 a t o m s / c m 3 (Ol d ASTM 

F 1 2 1 - 1 9 7 9 ) x £ •liffiL < It. 12-1 8X1 0 17 atoms/cm 3 . 
IWUfiS : 4 5 O'C- 1 4 0 0"C, =k *) ttf £ L < & . 1 1 0 0 t - 1 2 5 0 'C, f ^ : 
0 #W_L<7>iEHlc&5 «fc 7 - fcTJftJf T§ §o ztitcJc*). $^#r ft 

i: >f X J: y D Z ifig ^ x - ^ ffl ft ? ^ L < ±3 — \Z % & t \^ i UtifzO x. - ^ t -f ^> 

[ 0 0 5 6 ] 

* fc. 3 <7>r^. H4> tc felt § g^aiSS [O i ] * 1 0 — 2 0X1 0 1 7 a t onis/cm 3 <r> 

m^>mm\z&feLx. r t a $s z % ~? z t iz & *) , d zmr*!&iz}srt z>mmftjj& 

itftUtl^S-S, X\ fcjc^. f am ^%'&ffii&fr$cik\Z%kXm t X § § D Z 

iffg 6*±9 - tc El X § § tv^fltit^i-Atf^c 
[ 0 0 5 7 ] 

£tz. zcom. \ztert £ mmmm tO i ] ^ 1 OXl 0 1 7 a t o m s / c m 3 

'I4* s ^fb L^v^ tv^ 7 Utifz ^ x — >\ h~f Z> Z h frX S -5 . 
[ 0 0 5 8 ] 

Siif^ctlcJ: *S H, [«] ic C O P J: Dffee ^ => x ^ ^ # £ i* . ^ o . ^=r 
( P I SStaSO t "t Z t \z J: •) . firi*. G r own - i n^|7 'j-M a H B t^Hf^ 

t x it m -t % m \z. _h m l m m a ^ <^ is a ^ ^ $* ^ i«i s js u ge g <*> r 6 * » - s t- ^ f t l * 
v^ngTitK-t s t -r ^> o 

[ 0 0 5 9 ] 

tc i± x ^J-m^ 'l^I^Gr own- i n ^fig 7 ( P I ffit& ) ^ <b * 



5Grown-in XPfB y 'I -l£IS H B H ^6l £ ±.l-f^m% P I 1*IM6I § iifaSiH*> * 
i: -t2> Z t \z «k o T . * Hi & Eff [c It ^ T 2 f§W_hs 2 <o lc a . 0 1 0 C^t 
J: 7 IC . 4 . 5 M <^ v - ^ > ic L T 61 § _h l-f % is Z & 7 Z t % Z> . 

:^)h§, OSF 'J> 7°^¥iL±ffii& t^?<t^:^T-§^, * . P V ^« ( ^JL 
G r o w n - i n y ') $ * ffl MT? ^ 61 § ±W IC £ o T^fb 

L & i~> „ 

[ 0 0 6 0 ] 

s £ £: 3 0-2 0 OTorr. £9£fi;L<tt3 0-7 0 t o r r lc xl L T 3 % iil _L 1 0 % 
s Itll, 01 2<7)jSA(1 0 0, 0 . 0 ) s ( 0 . 10 0. 0 ) * j&C ( 0 , 0 . 1 
0 0 ) . *D ( 4 . 0 . 9 6 ) , *E ( 4 , 8 4. 12) , )SF(75> 0 . 25) Til 

nz^m^^fmt&mmfttomz&fe-t % z u\ ±m^mm\z^\ § ±.i-rmm^^± lt g 

r own- i n X fog 7 — x 3 > ^-M H * 61 § _h l-f £ d t fc* hT 16 £ & £ . 

0 1 2 L f:£^ ffl^El IJ^gi, ^S. AMJ±T<?) <7)T°3b £ Ml±2*i 

[ 0 0 6 1 ] 

*2EWJK:4jv*t li* _hK<^W^^rvS \z isrt § P I 1M6I § ±. if il S IB H £ 7 iz . Gr 
o w n - i nXmy ') - >- n > H * 61 § _h ff & <?> ic & P I t$J^6I # _t if MSfB 
H^A§ <t^:ti«T'§§ fctfK «IS^^*S B B H <^6I § _Lif iff tc[B]-<7>6l § _hi-f*fr t L 
T 61 # _h l-f -5 3 i: # . 61 § _h l-f IS^) * «k 9 # © lc is Z tc o T G r o w n - i n 

. ffiBf k:#SC<7>Hfc-?G rown-inXl7'j - i£*Sia* 61 # _hlf -5 ^lc. fife* J; *) t 
61 § _hl-f *fr^S^ffiB&fb LTtStfc d * o T t G r own-in X^fi 7 'J -i^g^ 
61 § _h l-f hT 16^61 # ± l-f MSfBH t * 3 i: . pff M<7> n a a H^*-t ^> H<t> 61 § _h 

Mati- * >- 'i ^y^^-^<vmj&^^h*±mizM^-tz>ztt]*^mt%z« 

[ 0 0 6 2 ] 

y)TFilcov^T 0 . 1 #ft%W±3b*«F* L < . 3 #ff%W _h piffle <pf U L v^ 0 0. 1% 

[ 0 0 6 3 ] 
[ 0 0 6 4 ] 

ft*?. isn + 'Q^^T^ssuieG c fr^mffiT-cDum'amG e j= ^hfj) *> . 6i±ifii 

m"k¥k «- lc(&T^ *«r**^^^$ tfcii B H B ^llT ffllc It -5 '1 > 70 S F f&^^Iii^. 
T^lc^o V^ff^lc&SfflST^* -v h v-->«3t^fflv^T. i^ISfi T« 61 _h if * 
ff 7 it ^ tc. 7K*#HmT<^6l S -hlf £ iffi A •£ £ i: . W T ^ =t 7 lc ^ ^ . *^HH^i@. 

[ 0 0 6 5 ] 

Ge>Gc^)i|nlct, tK*<^^J^Ic J; o T . 'J > / OSFM^fiSi? J: VC OP ^ 
B H B ^'t^T'i4 L46*>SIK^3$JS V o . VcttifAL. Kfe ^ 7 x 9 frffi&n-ffilz 
Lite dbZti&^mmv dlti&T-f Z« t^oT. G e >G c -?&oTfcffi#*>*ifciRfoaEv>ig 



^ IZ It . COP^ife^^^jftv^^Gr o w n - i n X Ffg 7 -J - *g H, h ft £ J# 
g| § _hi-fMS<^^- A. G e < G c fcSffc-fJg &lz ttWt~f £ t . ££L 
X G r o w n - i n y ') - <r> *d H % Wat"? % & * . Ge>GcT*Ge irGc^o 
§ uig^-fl fl . ^.Tk^^^^n LTUr own-in Xfog 7 ') - t i £ if® v 

- x > flf#^ ft&v*. 

[ 0 0 6 6 ] 

^f&Bfl^ ^ n > »!7 x - ^^MilTa v£fl fcv^T A . t — — >v JUtilfcSfe-*- z t h*3b & . 

3 CT\ T — - >i «tll J: LTIi, iilfRTA (Rapid Thermal Ann 
e a 1 i n g ) t £ ft & C t £ . 1 1 0 0 °C ^ b 1 3 5 0 'C T\ 0 _h . Ar If; 
AH e . £ /c A N H 3 ^ a" t? A r * £ fl H e ilM^ t ^ 7 J; 7 4 1 y f^fflv^TfcC^ 7 
:^«T'§, 3<?>RK D ZJiff^flfcfl ^ti^MI^fcft^SfiTlf^^iMt 
ff "7 3 h £ < . r */ 9 > rftl^ fl 5S fi.T* § * m^ffi ffi ftW'gg . ^ -i x\ U j: v . 

d <t>^. t£*<7> PVfciVP I , Ifcli'J^rOSF 4Hfifcfc*SfiE L £t£*<7) Grown 

- i n -J x-^T. ±IBfc [HJti^R T A«LIIfcfr 7 i: . *SSWfiKBf fl^JUSil 
* P V ffif&is J: V -J > rOSF fl . ft® t V 4 X P I ffitfc t ifc«j L 
X±%<%*). DZ** , 3*<44v Mflfl. TAMXT'^ifWIlcioT, 'J > 
?*0 S F ^fiSTO S F i: a o X Rg # ft <?> T±9 - & fE£ <0 H * o * 
fEBfl t c Jc § P i ^1 « </> ^ ^ x - ?i*f — 4 G r o w n - i n Xfig 7 M - *7 x - ^T* 
fl . 3 co «k 7 4 ^ 9 Yii 2 ft S o 

[ 0 0 6 7 ] 

*^BHIC J:ftfl\ 7K*^#t?^vH'|4#HM + T^ 'i 3 >#.JfSS*^l § ±W -5 3 t tC Jc ») 

ifT . ISHg^f^^tglfl COPfeJ: ^Kfi ^ => x ?^#^^v^T^>- 'i ^ >f5^3Ris&<7> 

*S H e H * ^ I § _h Vf % m \z it . 4$ m fl m v ^ $B H ic ^ ^ L 4 < X fl & <b 4 ^ o ^ I B _h i-f ii S * 
EifT, tIa6T§afl. ^o^*<J: *) ^litv^lSllflSTG r o wn - i nXI%7 'J 

[ 0 0 6 8 ] 

Bf ffi 13 *> S . 
[ 0 0 6 9 ] 

CZ(PIi> ^ + > '^-rt^^^gPlcffiia^ftfct&Jft 1 t. i$M 1 <?>^MlcffiiS$ftfct 
2 J:^ixTv^= if to 1 A * ft ffllc UttHifc 3 * JR#-T * E3S±tf to 1 a * ^PJ^m 
#&±f to 1 b Tfiiif — IDaT-i 9 x <f a?U of flft § $ifl J; *j J= v 

#(^SEift5ft-5o ittoi<^±^flfl. pmrititcommmfa 7 ^mn btixv^, taa^# 
7 a. nift-cfl^fcft »k ^gPflMi&7 x ;b h l fc«3t-?*>*. 7 <^i*iffl 

g^fflflrtfflflWi^-ts T-^-ffl-??** 9 . rs^fflfl. taa^fr 7 <o ^ r ft 

o T if i# $ * -2. «k 7 fl 13 Br x h u - h ffl fl $ ft T v^s c 
[ 0 0 7 0 ] 

C <^ C ZjP It » fl\ g|l|i)*2 1 Oram, ^T^I^fjxin 2 0 0 mra^2 0 

0 mm<^iiiJK®W*£**nrB6£ ! fctf> i: 3ft*. f iII#7lcJ;^ ^H^^gPT^ 

SJgfrKG c fc*JjgS^MgP"?<!OSJS^ffiG e i: |B]-^Cft «k ») ^§ < * * * -y h 
3t3b*«^3 ft*. 



li 00 £ 4 7 0 mm . ft Ic It 5 * 'M*9 % S tt 150 x. li 2 7 0 m m . ¥ S 7a |Sl <?> W li 
#J x. li 1 OOmm. jgfrp3lt6fflT*>Srtffl<7)Sii.^l«IlcW-t5ffi§tt<W^.li2 1 ° 
. Sfc. § o Hf 1 <^ ftllifj x. If 5 5 0 mmT'* 9 . ilift 7 <?> T <^> H* ffl ^ «b tf>^5 
£ Hti ffl Z.IS 6 0 m m X £> 3 . 
[ 0 0 7 1 ] 

^$i^i^s®^/@eii . s^n*^^ ( g c ) t 3 . o~3. 2 'c/ramT-j> *) , mmm ( 

Ge) T-li2. 3 - 2 . 5 'C/mmT . Gc/Gettfil. 3 t 4 * . - <*>ttA8tt . 31 § 
_hW MJgfcH- £T t B t A, k^;b «b *v^ 0 
[ 0 0 7 2 ] 

tfOC Gr own-i n Xfri 7 >; -*5Hfc Wlfci" S fcab^jS^^tf^S^:^ ic o 
[ 0 0 7 3 ] 

mm^fz t x.lt 0 . 0. 1. 3. 5. 8. 1 0 S^itS* k L . *tt<?*l<7>&#T 

SSIg, #iJxtjT2 1 0mm<?)#SSStflfit5. 
[ 0 0 7 4 ] 

J/C* * pff fl x 0J 1 0 Q c m \z & £ J: 7 ic p ^ ( B , A 1 , G a W ) SfcttnK 
P , As, Sbf) h *^/jni"<&. t§Bl*3^T^ ^>fBMT\ MJE<7> 1 . 3 

3-26. 7kPa (10-200 tor r) ^7J^>CJtU 1 0#K(% 

[ 0 0 7 5 ] 

iXv^T't-? 2 IC J: *J ^nff& L T y ') ^ > *jg@fc $ "£ * H* 3 it*. iXt . >• - K ^ ^ 
-7 ? 5 tcSX *) ttttfrUffi&-&Wrik 3 tc«vt L x S o « 1 J: D?3I § _h i-f to 4 * 3 o 
o $S H 31 § ± l-f % 4? - £ 7 . *S H 7a fi { 1 0 0} . {1 1 1 } * tz It { 1 1 0 } <t> -f 

JW ^ x. LTlllf-l It f5„ 
[ 0 0 7 6 ] 

# t» >f z. It 3 0 0 mmlcIL fete, 31 § _h W ISt Kl^iSJg «fc 0 t 5t^7v 

#0x.til. Omm/rai nlcilU ^ <^^:3I § ±W ^ $ tUC i: T s ffiftJji© ic 31 
£ _Ll-fMMfficT $ * 4% 2 ^ #J x l£ 6 0 0 mm ic m L § ic Sa ^IS «fc 0 ^ <|n 
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